Background: Caregivers of children with asthma provided with a written asthma action plan (WAAP) are reported to be more confident in their ability to provide care for their child during an asthma exacerbation. However, little is known about how a WAAP impacts on their care processes that contributed to this increased confidence.
Introduction
Asthma is the most common chronic respiratory disease in Singapore. 1 Patients, including children with asthma, can be asymptomatic if their asthma is controlled, but may suffer from acute exacerbations (AE) due to episodic bronchoconstriction secondary to airway inflammation. Since exacerbations increase morbidity and can potentially be life-threatening, it is important to educate patients on early symptom recognition so that they can embark on timely use of appropriate inhaled asthma medications and seek prompt medical attention to mitigate the AE. These measures are collated in a set of instructions known as the asthma action plan. An individualised
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org written asthma action plan (WAAP) is a plan tailored to the patient's underlying asthma severity and treatment. A systematic review 2 showed that, when adult asthma patients were provided with a WAAP and educated on its use as a form of self-monitoring, together with a review of asthma medications and severity, their health outcomes were significantly improved. Thus, local and international clinical practice guidelines 3, 4 recommend the provision of a WAAP to patients as part of their education on self-management.
Singapore has a dual public-private fee-for-service healthcare system. Asthma is largely managed in local primary care clinics. Since 2008, a generic template of a WAAP has been made available at the local Health Ministry's website 5 for use by physicians or healthcare providers to create asthma action plans for their patients. This template is introduced as part of the local asthma clinical practice guidelines and its design was supported by primary care physicians and pulmonologists in the local public primary and secondary healthcare institutions.
The key components of this WAAP, 5 based on the 'traffic lights' design, include written information on: (1) how to recognise asthma-related symptoms; (2) how to adjust the treatment (action point) based on physician's prescription; and (3) when and how to seek medical attention in the local setting. It is available in the four main languages to cater for the multi-ethnic population of Singapore. Any healthcare professional can easily download the free electronic template (see Appendix 1, available online at www.thepcrj.org) and configure it to suit the individualised plans of both adult and paediatric asthma patients. Currently, the respiratory disease departments in the various local public healthcare institutions, including the main children's hospitals, have adopted and adapted the template to design their WAAP for use by their adult and paediatric asthma patients. However, it is not a medicolegal requirement and, in the local primary healthcare community, WAAP provision varies between clinical practices. Other than public primary care clinics where there are internal processes to monitor the implementation of the WAAP, there is no audit system to monitor asthma patients who receive a WAAP from their private primary care practitioners. Due to the walk-in fee-for-service healthcare system, patients may also have multiple primary care providers, adding to the difficulties of monitoring its implementation.
For children with asthma, their caregivers are also provided with a WAAP for their reference so that they can manage their children's condition appropriately in their respective social environment. However, unlike the benefits of providing adult asthma patients with a WAAP, evidence showing favourable outcomes of such provision to caregivers is lacking due to the paucity of clinical trials. 6 Nonetheless, Ducharme et al. 7 showed that children provided with a WAAP in a randomised controlled trial in a paediatric emergency room setting had significantly increased adherence to both inhaled and oral corticosteroids, improved asthma control and increased adherence to medical follow-up. It is not known if the favourable outcomes resulted from the subjects acting independently or whether they were due to their caregivers' supervised care. Whether the study results can be extrapolated to a non-emergency environment within primary care clinics where caregivers' perception may be different is another area of doubt.
In a separate study, 8 parents with a WAAP were reported to be more confident in their ability to provide domiciliary asthma care for their children during an exacerbation. Whether this increased parental confidence is related to their understanding of the care processes as stipulated in the WAAP for their children has yet to be explored.
This study aimed to determine the effect of a WAAP on caregivers' recognition of a child's asthma symptoms in the home environment, their views on the use of asthma medications for their children, and the decision to consult a physician.
Methods
This PEACE (Pediatric Asthma Caregiver Empowerment) study consisted of two phases: initial qualitative research to explore the understanding and management of paediatric asthma by the caregivers followed by a questionnaire survey to determine the use of a WAAP for children with asthma aged ≤16 years in the local community. Qualitative data collated from three focus group discussions were analysed and formed the basis of the content and design of a structured questionnaire.
Caregivers were identified as potential subjects when they brought their children with asthma for review at the survey sites at nine public primary care clinics located in the eastern and southern districts of Singapore. These clinics managed 29,983 asthma attendances in 2012, of which 12.5% were asthma consultations by young patients aged <20 years. These patients and their caregivers are routinely educated on the disease and its treatment, including inhaled medications, as part of their standard care.
The child's asthma diagnosis was verified with reference to the disease coding system (ICD-9) of their medical records at the survey sites by the attending physicians. The target participants were screened and only the primary caregivers who looked after the child at least 75% of the awake hours were recruited to the study. The survey was carried out by student nurses from a local nursing school as part of the training curriculum between May and July 2008 and 2010. The survey was interrupted by an outbreak of influenza in the local community in 2009, causing a delay in the completion of the study.
At the survey sites, patients with asthma are routinely directed to 'health monitoring stations' within the clinics where their asthma control status is assessed using the Asthma Control Test. 9 The student nurses administered the questionnaire to consecutive target caregivers at these stations. They also approached the caregivers in the waiting area prior to their consultation with the physician.
Caregivers provided written consent for study participation and indicated in the questionnaire if they had previously been provided with a WAAP for their children by any physician. The caregivers of some of the children may not be provided with a WAAP as they do not have a regular family doctor or they may consult multiple healthcare providers out of convenience due to the local primary healthcare system. They were subsequently classified into two groups: those with a WAAP (CW) and those with no WAAP (CNW).
Studies using electronic monitoring devices to determine adherence to controller asthma medication have reported PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org adherence rates of 50-77%. 10 The investigators hypothesised that 50% of caregivers in the CNW group agreed it was safe to change the doses of inhaled controller asthma medication for a short period of time by themselves and anticipated a 50% improvement in response (i.e. 75% agreed) for the CW group. Based on a 5% level of statistical significance and a power of 85%, the minimum sample size required would be 75 patients per group (150 in total).
The χ 2 test was used to compare differences in the understanding of asthma symptoms, use of asthma medications, as well as acute care consultation and self-management between the CW and CNW groups. Logistic regression analysis was further implemented to obtain a measure of the effect of a WAAP on the above outcomes adjusted for the potential confounding effects of age, ethnicity, and number of children with asthma in the family which, to a limited extent, measures the experience of taking care of children with asthma. The effect was quantified using the odds ratio (OR) estimate and its corresponding 95% confidence interval (CI). All statistical analyses were generated using STATA software V.11 (StataCorp, College Station, Texas, USA) assuming a two-sided test at the conventional 5% level of significance.
The study was sponsored by seed funding from SingHealth Polyclinics and Ngee Ann Polytechnic and was approved by the institution review board.
Results
A total of 169 caregivers (75 CNW (44%), 94 CW (56%)) were recruited to the study. The respondents were similar in terms of age distribution and number of children with asthma in the family. More
Malay caregivers were given a WAAP while, notably, more Chinese did not receive a WAAP (Table 1) .
With regards to the understanding and recognition of symptoms, caregivers in the CW group were more likely to understand airway narrowing during an asthma exacerbation (adjusted odds ratio (AOR) 4 
Table 4. Comparison of consultation and self-management between caregivers with a written asthma action plan (CW) and those without (CNW)
However, there was no difference between the two groups in their likelihood to stop inhaled medication without first consulting their physician when the children were well (AOR 0.53, 95% CI 0.27 to 1.03, p=0.061). Likewise, there was no statistical difference in the perceived long-term side-effects of the asthma medications, understanding the duration of action of the reliever medication, and reducing the dose of inhaled asthma medication on their own if their children's asthma was improving. Table 4 shows that there was no difference in caregivers' preference for self-adjustment of their children's asthma medication (p=0.382) and confidence in self-management of their children's asthma at home (p=0.817). With regard to caregivers' preference for seeking a consultation with their physician when their child developed asthma symptoms, there was a greater tendency to bring the child to see a physician as soon as he or she developed asthma symptoms in the CW group, although this did not reach statistical significance (86% vs. 75%, p=0.058).
Discussion

Main findings
The results of this study show that a written asthma action plan (WAAP) enhanced caregivers' understanding of the disease and increased their symptom recognition and use of appropriate asthma medications for their children with asthma. Most caregivers were aware of and familiar with asthma-related airway constriction leading to dyspnoea and wheezing. This could be attributed to the inclusion of this information during routine counselling of asthma patients or their caregivers on the disease aetiology. Caregivers provided with a WAAP appeared to have the relevant knowledge to carry out some measures of self-management compared with those without a WAAP.
The findings are significant, since the provision of a WAAP to children with asthma entails unique challenges. The design and content of the WAAP usually caters to adult users, who will largely be the caregivers, as the child's age, maturity and asthma literacy are barriers to its direct use by the child. For young children, the caregivers will inadvertently act as surrogate observers in symptom recognition and initiate measures in their attempt to abort the exacerbation. This, in turn, will be influenced by the caregivers' understanding of the disease, their perception of the safety of the prescribed medications, their help-seeking behaviour, and the social milieu in which the caregiver interacts with the child. These interrelated factors are complex and inevitably affect the caregivers' use of the WAAP.
Strengths and limitations of this study
To understand the complex processes as to how a WAAP can impact on caregivers' management of their children with asthma, a triangulation approach was used in the design, which is the main strength of this study. A qualitative study of the caregivers was carried out, followed by this questionnaire survey. Qualitative data from the first stage were used to construct the questionnaire to enhance its internal validity.
However, a number of limitations could hinder the generalisability of the study results. The absence of information on the caregivers' educational background constituted a potential limitation of the study. In the local setting the WAAP is intended for any patient or child with asthma, regardless of the patient's or caregiver's education or socioeconomic status. The overall literacy rate 11 of the Singapore population aged >15 years is 95.9%, and 91.7% of the non-student population aged 25-39 years have a secondary or higher qualification. In spite of the high local literacy rate, the investigators recognise that the education status of the caregiver is potentially a confounding factor as caregivers with 'lower education' may not be able to optimise the use of the WAAP. Nonetheless, the plan is available in all major languages and provision of the WAAP to children with asthma is supported by trained asthma nurse educators in the public primary care clinics. These nurses work in teams to capitalise on different language proficiencies and use various asthma educational materials to educate patients and their caregivers on the key components and function of the WAAP. The caregiver's socioeconomic status, which is often correlated with their educational status, is another potential confounder in this study. However, the standardised and subsidised fee-for-service at the survey sites ensures equal access to patients and their caregivers of all socioeconomic status. The nine survey sites are located in various geographical districts of Singapore, so variations in the socioeconomic background of the caregivers will be minimal.
The qualitative study showed that some of the children with asthma were prescribed oral bronchodilators, which are not included in the WAAP as the doses do not allow for titration for safety reasons. In addition, these children were prescribed different brands of controller and reliever asthma medications, including combination drugs with both inhaled long-acting β 2-agonist and corticosteroid. Thus, the investigators chose the encompassing term 'inhaled asthma medication' in the questionnaire, which refers to both inhaled controller and/or reliever medication. The focus was on the awareness and willingness of caregivers to adjust the inhaled form of these medications rather than assessing their ability to distinguish the different types of medications.
Interpretation of findings in relation to previously published work
In this study 56% of caregivers reported that their children had been prescribed a WAAP by their physician. This is higher than the prevalence reported in other studies, which ranges from 5.2% to 31%. 12, 13 This could be attributed to the case-encountered method of subject recruitment at the survey sites. Randomised sampling of the asthma patient registry would be a more precise method to determine the prevalence of WAAP provision, but this is not possible in the local walk-in healthcare system. However, there were still knowledge gaps including the lack of ability by caregivers to associate their child's cough, phlegm, and mucus production with asthma-related airway inflammation. Consequently, parents and caregivers often rely on cough medications to relieve their children symptomatically of cough and phlegm.
14 The attending physician, asthma nurse educator, or other member of the healthcare team may not have covered this association adequately, but this hypothesis needs further evaluation. The routine use of a composite assessment tool such as the validated Childhood Asthma Control Test 9 -which includes a review of asthma control determinants from both the child and the caregiver -could bridge this gap as it enhances caregivers' global understanding of the disease presentation and medication usage. It was introduced in Singapore in 2008 but has not yet resulted in universal usage.
More caregivers in the CW group were familiar with the action of inhaled controller medication, which may reflect the benefits of asthma education during WAAP prescription. Over 80% of both groups of caregivers were aware of the action of the inhaled reliever medication. Regardless of WAAP, they perceived side-effects with long-term use of inhaled asthma medication. This may explain why caregivers had the tendency to reduce the dose of inhaled medication once their child's asthma control improved. Consistent with this observation, Conn et al. 15 showed that parental concern about asthma medication will affect their adherence to prescribed therapy.
In their 2008 systematic review of randomised controlled trials, Zemek et al. 6 showed that children assigned to a symptom-based WAAP compared with those based on peak flow monitoring had a lower risk of acute care visits than the control subjects. However, in this cross-sectional study, both groups of caregivers preferred to consult a doctor rather than change the dose of the inhaled medication themselves. The caregivers have access to healthcare services round the clock at selected primary care clinics and all emergency departments of public and private hospitals in various localities over the entire island. 16 While a WAAP is intended to empower the caregiver in managing their child's asthma symptoms at home, both groups preferred to seek medical consultation when their child developed asthma symptoms. This dependency on a doctor's consultation is likely to impact on caregivers' practice of selfmanagement of their children's condition. Nonetheless, positive feedback from physicians and healthcare teams to caregivers who have taken appropriate action according to their WAAP may gradually enhance their confidence level in self-management.
Implications for future research, policy and practice
Despite free and easy accessibility to the electronic version of the WAAP by physicians in Singapore, implementation varies in primary care practices for several reasons including physicians' adverse perception of its benefits, varying competency and confidence in providing a WAAP for young asthma patients, and education of caregivers. 17 As a result, some caregivers were not provided with a WAAP. However, this study shows the value of providing a WAAP to caregivers, which includes enhancing their understanding of symptoms and recognition and appropriate use of asthma medications. These outcomes should be shared with local primary healthcare professionals so that they proactively incorporate a WAAP into the routine care of children with asthma and engage their caregivers in using it.
In addition, the impact of a WAAP on acute care visits among local children with asthma should be examined more objectively in a future randomised controlled trial, but its execution may be ethically challenged as a WAAP has been introduced as routine management in the local setting. What will be more illuminating is the advent of an electronic asthma action plan, incorporating the function of remote data transmission to the healthcare provider when activated by the patient or caregiver; this will allow us objectively to determine the effect of asthma action plan usage and clinical outcomes in prospective studies.
Conclusions
A WAAP improved the understanding and utilisation by caregivers of key processes in managing their children's asthma, including symptom recognition and use of asthma medications, but did not affect their decision for acute consultation with a physician. The next step is to determine the association between the frequency and timeliness of WAAP usage by caregivers and their children's clinical outcomes. This is achievable with the advent of an electronic asthma action plan using the rapidly evolving field of mobile phone technology.
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